The effects of an artificial bloom of the toxin-producing dinoflagellate, Alexandrium 21 minutum, upon physiological parameters of the Pacific oyster, Crassostrea gigas, were 22 assessed. Diploid and triploid oysters were exposed to cultured A. minutum and compared to 23 control diploid and triploid oysters fed T.Isochrysis. Experiments were repeated twice, in 24 *Manuscript
Introduction

48
Among harmful algae, Alexandrium species are known to produce Paralytic Shellfish Toxins 49 (PSTs), the most widespread shellfish-contaminating biotoxins, with outbreaks occurring 50 worldwide (Huss, 2003) . In France, Alexandrium minutum Halim (1960) has been known to 51 bloom in coastal waters since the 1980's (Lassus et al., 1992) , especially in North Brittany 52 (English Channel) during summer (Morin et al., 2000) . 53
54
PSTs are comprised of approximately 20 naturally-occurring biotoxin derivatives that vary 55 widely in specific toxicity (measured by standard mouse bioassay). The basic molecular 56 structure is that of saxitoxin (STX). PSTs are neurotoxins, the mode of action of which 57 involves a reversible and highly specific block of sodium channel transport, disabling the 58 action potential of excitable membranes (nerves and muscle fibers) (Narahashi, 1988) . 59
The current EU regulatory limit for human consumption of shellfish is set at 80 µg STX eq. 60 100g -1 shellfish meat (SM). Considering, however, possible consumption of a large portion 61 (400g) of shellfish, the European Food Safety (EFSA) recently established that the maximum 62 concentration in shellfish meat should be less than 7.5 µg STX eq. 100g -1 SM to avoid 63 exceeding the acute reference dose (ARfD) of 0.5 µg STX eq. kg Several commercially-harvested bivalve species, such as oysters, are known to accumulate 73
PSTs by feeding on PST-producing phytoplankton (see review by Bricelj and Shumway, 74 1998). Bivalves show significant (up to 100-fold) inter-specific differences in accumulation 75 of PSTs, which was inversely correlated with toxin sensitivity (Bricelj and Shumway, 1998) . 76
This variability in sensitivity to PSTs appeared to be related to nerve sensitivity in a dose-77 dependant manner. Indeed, Bricelj and Shumway (1998) reported that 10 -7 g.ml -1 STX was 78 sufficient to block the action potential of nerves in eastern oysters C. virginica when 10 -3 79 g.ml -1 was insufficient to block action potential in blue mussels (Mytilus edulis). Some 80 bivalve species possessing nerves insensitive to PST (M. edulis) readily feed on toxic cells 81 and thereby accumulate high toxin levels. In contrast, species such as Crassostrea virginica 82 are highly sensitive to PSTs, accumulating fewer toxins and exhibiting physiological and 83 behavioral mechanisms to avoid or reduce exposure to toxic cells (Bricelj and Shumway, 84 1998). The Pacific oyster C. gigas and the soft-shell clam Mya arenaria (two PST-sensitive 85 species) were reported to reduce filtration activity when feeding on PST-containing 86 microalgae (Lassus et al., 2004; Bricelj and Shumway, 1998) . Differences in toxin 87 accumulation (up to five times) were also observed between different populations of the same 88 species, M. arenaria, and this difference was surmised to be related to nerve sensitivity 89 differences (Bricelj et al., 2005) . Indeed, a natural mutation of a single amino acid residue 90 decreasing affinity (1,000-fold) of the saxitoxin-binding site in the sodium channel pore, was 91 found to be responsible for the difference in nerve sensitivity between two populations of M. 92 arenaria exposed to PST-producing Alexandrium fundyense (Bricelj et al., 2005) . 93
Toxin composition and content in toxigenic microalgae vary greatly according to species or 94 strain and depend also environmental or culture conditions (Hégaret et al., 2009 ). An A. 95 minutum strain isolated in France was found to produce 1.5 pg STX eq. cell -1 (Lassus et al., 96 2004); whereas, the same species isolated in New Zealand produced 11 pg STX eq. cell clones of A. minutum isolated in Taiwan varied from 11 pg STX eq. cell -1 to 103 pg STX eq. 99 cell -1 . This variability in algal toxin content has consequences to feeding responses to and 100 toxin accumulation of bivalves exposed to Alexandrium species. Bardouil and co-workers 101 (1993) observed clearance rate in C. gigas decreased more drastically when oysters were 102 exposed to A. tamarense (7.2 pg STX eq. cell -1 ) than to A. minutum (0.5 pg STX eq. cell clam Ruditapes philippinarum and Mya arenaria hemocytes. This study showed that the non-110
PST strain had more-negative impacts on hemocytes (decreased adhesion and phagocytosis) 111 compared to the PST-producing strain of A. tamarense (Ford et al., 2008) . Based upon 112 biological effects of Alexandrium exposure clearly unrelated to PSTs, one can speculate that 113 effects of PSTs and other toxic compounds/molecules may also result in damage to organs 114 and physiological processes other than muscles. Considering this, Alexandrium effects upon 115 nerves and muscles of exposed bivalves can be linked to PSTs, but there appear to be 116 responses to other compounds not clearly identified. 117
Aside from toxin accumulation and associated human health issues, there is some concern 118 about the impact of A. minutum exposure on the physiology and health of C. gigas. 119
Furthermore, the physiological status of animals may also feed-back to rates of toxin 120 accumulation and effects during HAB exposure. High concentrations of toxic A. tamarense (resulting in high PST burdens in the tissues) 124 decreased clearance rate of the clam but not of the mussel. Absorption efficiency, however, 125 decreased for both species with diets containing PST, which resulted in a reduction in energy 126 budget. HABs occurring during specific stages of reproduction could be another major factor 127 affecting oysters, in terms of energy budget. In C. gigas, energy balance (evaluated through 128 scope for growth methods) has been demonstrated to decrease as gametogenesis progresses, 129 resulting in a negative scope for growth indeed, use toxic microalgae (Alexandrium catenella) as a food source by adjusting 135 carbohydrase activities (amylase, laminarinase and cellulase) and absorption mechanisms 136 (Fernández-Reiriz et al., 2008) . It is, thus, pertinent to assess digestive-enzyme activities in 137 bivalves exposed to toxic microalgae. Moreover, the digestive gland is also involved in 138 energy storage, preferentially as lipids (Soudant et al., 1999) . As HABs are likely to impact 139 digestive-gland structure and functions, it appears prudent to assess how HABs could 140 modulate quantities of individual lipid classes involved in energy storage in this organ. 141
Moreover, the digestive gland is the organ accumulating the most toxins compared to other 142 tissues in bivalves (Bricelj and Shumway, 1998) . 143
144
In bivalves, one line of defense to noxious, harmful or pathogenic agents resides in 145 circulating cells called hemocytes that are similar to white blood cells in vertebrates (Cheng, 146 1996 oysters and 60 triploid oysters. In April, flesh dry weight was 1.22 ± 0.12 g and 0.90 ± 0.09 g 180 in diploids and triploids, respectively. In May, flesh dry weight was 1.33 ± 0.14 g and 0.98 ± 181 0.09 g in diploids and triploids, respectively. At both collection times, three pools of four 182 oysters (for each ploidy) were confirmed to be free of PST contamination (no detectable 183 levels of PSTs by IP-HPLC analysis). 184
Algal culture 185
Alexandrium minutum (strain AM89BM) was grown in 10-liter batch culture using 186 autoclaved seawater filtered to 1µm and supplemented with L1 medium (Guillard and 187
Hargraves, 1993). Cultures were maintained at 16 ± 1°C and 100 µmol photon.m -2 .s -1 , with a 188 dark:light cycle of 12:12h. A. minutum was harvested after 12 days, still in exponential 189 growth phase under our conditions. At this age, this strain produced 1.3 ± 0.1 pg STX eq. per 
Condition index
219
To assess oyster-flesh dry weight, soft tissues were removed from shells and placed in a pre-220 weighed aluminum cup. Shell and flesh were dried for 48h at 70°C and then weighed. 221
Condition index of individual oysters was then calculated as described previously (Lucas and 222 Beninger, 1985) , following the formula: (g dry flesh weight / g dry shell weight) x 100. 223 (1995). The molar concentration (µmol.l -1 ) was converted into μg STX eq. 100 g -1 of 235 digestive gland by using the conversion factors of Oshima (1995) . Results were expressed in 236 μg STX eq. 100 g -1 of digestive gland wet weight. 237
Digestive gland variables
Reserve lipid content 238
Ground digestive gland (250 mg) were extracted in 6 ml of Folch solution 239 
Biochemical hemocyte and plasma variables 334 335
Hemocyte and plasma phenoloxidase activities 336 Plasma samples were thawed on ice, and 100 μl of each was transferred in ninety-six-well 337 plates. For hemocytes, cells were suspended in 100 µl of FSSW and frozen and thawed on ice 338 tree times successively. Phenoloxidase activity was measured as described by Reid (2003) . 339
Briefly, 50 μl of Tris-HCl buffer (0.2M, pH = 8) and 100 μl of l-DOPA (20 mM, L-3,4-340 dihydrophenyl-alanine, Sigma D9628) were added to each well. The micro-plate was rapidly 341 mixed for 10 s. The reaction was then measured at ambient temperature, with color change 342 recorded every 5 min, at 492 nm, over a period of 1 h. The micro-plate was mixed prior to 343 each measurement. Two controls, without sample but containing l-DOPA and Tris-SDS 344 buffer, were measured in parallel, and these values were subtracted from test values to correct 345 for possible auto-oxidation of the l-DOPA. 346
To access phenoloxidase specific activity, protein analysis was carried out as described for 347 digestive glands (see paragraph 2.6.3), except that proteins were not extracted with NaOH 348 and samples were not diluted. Results were expressed as phenoloxidase-specific activity 349 
Statistical analysis
364
Differences between experiments (April and May) were assessed using Student's T-test. 365
Results of each experiment were analyzed statistically using Mulifactor-ANOVA 366 (MANOVA) for each physiological parameter and hemocyte variable as the dependent 367 variable, and feeding treatment and ploidy as independent variables. Whenever a clear trend 368 appeared on the graphs, a Student's T-test was also used within ploidy groups to assess 369 differences linked to dietary treatment for a dependent variable. We used Statgraphics Plus 370 statistical software (Manugistics, Inc, Rockville, MD, USA). Results were considered 371 significant when the P-value was < 0.05. 372 373 3 Results
374
Gonad maturation stages
375
Oysters fed T.Iso and A. minutum were combined to assess oyster gonad maturation (Fig. 1) . 376
Maturation of both diploid and triploid oysters was more advanced during the May 377 experiment than during April. In both experiments, triploids were less mature than diploids. 378
Oyster groups in both experiments can be classified according to gonad maturation stage 379
(from less mature to more mature) first were triploids in April, triploids in May, then diploids 380 in April, and at last diploids in May. 381
Triploids in the April experiment were mostly at the undifferentiated stage, and one third 382 were in early and late gametogenesis; triploids in the May experiment were in early and late 383 gametogenesis, diploids in the April experiment were dominated by late gametogenesis with 384 20% mature oysters; and finally, diploids in the May experiment were mainly (60%) 385 observed to be sexually mature while 40% were in late gametogenesis.
Wet weight of digestive gland and condition index
387
There was no significant difference, in term of condition index (CI), attributable to diet or 388 ploidy in both experiments (Table 1) . Whole-oyster dry weight (DW) was significantly 389 higher in diploid oysters than in triploid oysters for both experiments (in April p=0.0045 and 390 in May p=0.0021, MANOVA). DW of both diploid and triploid oysters did not change 391 significantly between the two experiments. Wet weights (WW) of digestive glands were 392 similar in the April experiment regardless of diet or ploidy. In the May experiment, mean 393 WW of digestive gland was significantly higher in diploids than in triploids. Exposure to A. 394 minutum in this experiment resulted in a significant decrease in digestive gland WW 395 compared to T.Iso feeding. A significant interaction between ploidy and diet was also noted; 396
lower digestive gland WW was found in triploid oysters exposed to A. minutum. 397
Toxin content
398
PST content in digestive gland was significantly higher in May than in April (p=0.003, T-399 test). In both experiments, triploid oysters accumulated more toxin --about twice --than 400 diploids (Fig. 2) ; April experiment p=0.032 and May experiment p=0.047, T-test). 401
Concomitantly, A. minutum cells were observed in digestive gland and bio-depots. 402 In both experiments, monoacylglycerol, diacylglycerol and free fatty-acid contents (Fig. 3)  410 were significantly lower in both diploid and triploid oysters fed A. minutum as compared to 411 those fed T.Iso (Table 2 ). In May, contents of sterols, triacylglycerols, and sterol esters, as 412 well as the reserve/structure ratio, were higher in diploids than in triploids. 413
Digestive gland parameters
414
In April, the reserve/structure ratio was significantly lower (Fig. 4) in triploid oysters exposed 415 to A. minutum as compared to triploids fed T.Iso (p=0.0427, T-test). Exposure to A. minutum 416 similarly resulted in a significant decrease of this ratio in diploids in May (p=0.0067, T-test). 417
Amylase-specific activity 418
Amylase-specific activity (ASA) was significantly higher in May than in April (p=0.0222, T-419 test) (Fig. 5) . In both experiments ASA was higher in triploids than in diploids (April 420 experiment p=0.0263; May experiment p=0.0134, MANOVA). ASA was higher in A. 421 minutum-exposed than in control, diploid oysters in April (p=0.0467, T-test), but was similar 422 in exposed and non-exposed triploid oysters. In May, only triploid oysters showed a 423 significant increase of ASA upon A. minutum exposure (p= 0.0337, T-test). 424
Hemocyte and plasma variables 425
Overall, ploidy had more significant impacts on hemocyte and plasma variables than algal 426 exposure (Table 3) . 427
Hemocyte characteristics and functions analyzed by flow cytometry 428
Total hemocyte concentration (THC) was significantly higher in May than in April (p=0, T-429 test). THC increased significantly upon A. minutum exposure in diploid oysters in the April 430 experiment (p=0.013, T-test) and triploid oysters in the May experiment (p=0.042 with 431 α=0.05, T-test) (Fig. 6 ). This increase was mainly attributable to variation in granulocytecounts, especially in April when granulocyte counts drastically increased upon A. minutum 433
exposure. 434
Sizes (FSC) of granulocytes and hyalinocytes (Fig. 6 ) of oysters in the April experiment were 435 significantly higher in triploids than in diploids, but hemocyte size was not affected by A. 436 minutum exposure. In May, size and complexity (SSC) of both granulocytes and hyalinocytes 437 were higher in triploids than in diploids. In the same experiment, A. minutum resulted in a 438 significant increase in granulocyte and hyalinocyte size and in hyalinocyte complexity. 439 ROS production in granulocytes and hyalinocytes (Fig. 6) Neither phagocytosis nor percentage of dead cells was affected by algal exposure or ploidy. 450
Hemocyte and plasma phenoloxidase (PO) activities 451
PO in plasma was higher in April than in May (p=0.001, T-test). In April, PO in plasma 452 decreased in A. minutum-exposed oysters, significantly only for diploids (p=0.008, T-test). 453
There were no significant variations in PO in plasma in May. In hemocytes, PO (Fig. 7) was 454 significantly higher in May than in April (p=0.0152, T-test). PO in hemocytes was higher in 455 triploids than in diploids in both April and May experiments (respectively p=0.0108 and 456 p=0.046, MANOVA). In April, PO in hemocytes was lower in oysters fed A. minutum than incontrol oysters (p=0.0312, MANOVA). In May, PO in hemocytes was higher in diploids fed 458
A. minutum as compared to control diploids (p=0.0189, T-test) and lower in triploids 459 (p=0.0458, T-test). 460
Agglutination and hemolysis 461
There were no significant differences in agglutination or hemolysis titer according to algal 462 exposure or ploidy. The most striking result in these two experiments was the difference in PST accumulation in 475 digestive glands between diploid and triploid oysters. In both experiments, triploid oysters 476 accumulated twice the toxin of diploids. One could be quick to attribute higher toxin content 477 in triploids to lower gametogenesis, but this hypothesis can be rejected as oysters in the May 478 experiment had both more-advanced gonad development and higher toxin contents than 479 oysters in the April experiment. Gametogenetic stage is not, however, the only trait that 480 distinguishes triploid from diploid oysters. The augmentation in genetic material and gene accumulation, amylase activity, ROS production, and phenoloxidase activities were found to 485 be higher in triploid oysters than in diploids. Esterase and and peroxidase activities were also 486 found to be higher in triploid oysters than in diploid oysters (Gagnaire et al., 2007). This 487 tends to support the hypothesis that triploids accumulate more toxin than diploids because 488 they are metabolically more active. As triploid heterozygosity is higher, it is thought to have 489 positive influences on feeding rate, absorption efficiency, and growth efficiency (Magoulas et 490 al., 2000) . Thus, one can speculate that the difference in toxin accumulation may reflect 491 differences in metabolic and/or feeding activities between diploid and triploid oysters. 492
493
The increase in toxin accumulation between April and May experiments is also possibly a 494 result of an increase in feeding and digestive activities. Considering together A. minutum-495 exposed and non-exposed oysters, amylase activity, ROS production, and PO activity were 496 found to be higher in May than in April. Even though oysters in both experiments originated 497 from the same stock and were acclimated for 7 days prior to exposure to A. minutum, an 498 additional month in field rearing conditions appeared to impart subsequent physiological 499 status, including reproductive processes in the conditioned oysters. Indeed, during this 500 additional month, temperature increased from 11 to 15°C and photo-period increased from 501 13h06 per day on 5 April to 14h38 per day on 2 May. These temperature and photo-period 502 changes allowed diploid oysters to develop from early gametogenesis to a large proportion of 503 mature gonads within one month. This is in good agreement with the study of Fabioux et al. In the present study, the general increase in measured physiological parameters is certainly 518 determined by environmental conditions (temperature, salinity and food in the field) and we 519 speculate that metabolism is further maintained during the experiment possibly through 520 endocrine control. From all the above, we infer that increasing toxin accumulation paralleled 521 increasing metabolic and physiological activities determined by ploidy and preceding field 522 conditions. 523
524
Major changes in free fatty acids (FFA), monoacylglycerols (MAG) and diacylglycerols 525 (DAG) contents in the oyster digestive gland were clearly attributable to algal exposure. In 526 both experiments, concentrations of FFA, MAG and DAG were reduced upon A. minutum 527 exposure in both diploids and triploids. These compounds are generally absent in gonad and 528 muscle, and only transiently observed in digestive glands of oysters (Soudant et al., 1999) . 529
The biological significance of FFA, DAG and MAG contents is still unclear as little has beenpublished on the subject. These lipid classes are thought to be intermediate products in the 531 synthesis or catabolism of both structural and reserve lipids. 532
Upon exposure to A. minutum, the ratio of reserve lipids (TAG, EGLY and SE) to structural 533 lipids (sterols) decreased in both experiments. This depletion of reserve lipids upon A. 534 minutum exposure, however, appeared to partially depend upon maturation stage. The most-535 drastic decrease upon A. minutum exposure occurred when oyster gametogenesis was almost 536 absent (April experiment triploids) or predominantly terminated (May experiment diploids). 537
In these physiological conditions, more reserve lipids resided in the digestive gland, where 538 these energy reserves are potentially available to respond to stressful conditions. In contrast, 539 when oysters were in late gametogenesis (April experiment diploids and May experiment 540 triploids), reserve lipids were likely intensively transferred to the gonad and may thus be only 541 slightly affected by A. minutum exposure. 542
As FFA, MAG and DAG concomitantly decreased with the reserve/structure ratio, we 543 speculate that A. minutum negatively affects digestion of dietary lipids and/or synthesis of 544 storage lipids. Also, it has to be noted that contents of TAG and EGLY in A. minutum-545 exposed oysters decreased as toxin accumulation increased according to oyster groups. 546
Nevertheless, at this stage, it is difficult to establish clear relationships between reserve lipid 547 changes and toxin accumulation. To further progress on these aspects, it would be interesting 548 to combine this biochemical information with histological analyses. 549
Amylase-specific activity (ASA) was also modulated upon A. minutum exposure. Overall, 550 ASA was higher in oysters exposed to A. minutum than in T.Iso-fed oysters, but also higher 551 in triploids than in diploids. As mentioned earlier, ASA, along with other metabolic activities, 552 could partially explain the differences in toxin accumulation between diploids and triploids 553 and between April and May experiments. Digestive-enzyme activities are important in 554 maximizing absorption and food conversion efficiencies (Huvet et al., 2003) . In C. gigas, apositive correlation has been established between high specific amylase activity and high 556 food assimilation (Prudence et al., 2006) . In the present study, digestive-enzyme activities 557 were likely controlled by physiological status, which varied with ploidy and times of 558 experiments. Thus, we speculate that higher amylase activity would result in higher A. Hemocytes have been thought for a long time to be involved in digestion processes and 584 digestive activities (Cheng, 1996) . The observed parallel between hemocyte counts and 585 amylase activities may simply reflect involvement of hemocytes in microalgal digestion and 586 nutrient assimilation. 587
Reactive oxygen species (ROS) production and phenoloxidase (PO) specific activity in 588 circulating cells were both affected by A. minutum exposure. ROS production is associated 589 with internal chemical destruction of engulfed pathogens or foreign particles within 590 hemocytes (Cheng, 1996; Cheng, 2000; Chu, 2000) . Hemocyte ROS production may also be 591 activated by high reproductive effort, leading some to consider reproductive activity as a 592 demand for gamete production leads to a marked increase of whole-animal oxygen 594 consumption during gametogenesis, corresponding to an elevated basal metabolism 595 (Shumway et al., 1988) . ROS production was thus hypothesized to reflect an oxidative stress 596 during periods of high energy expenditure, such as active gametogenesis. ROS production 597 was previously observed to increase in ripening oysters, especially in oysters known to be 598 genetically more sensitive to summer mortalities (Delaporte et al., 2007) . In the present 599 study, ROS production was two times higher in oysters in the May experiment than in the 600 April experiment. This suggests that ROS production may reflect increases in metabolic 601 activities and energy expenditure formerly "programmed" by temperature and photo-period 602 conditions of their rearing site. Temperature and photo-period may accelerate metabolic 603 activities, even for triploid oysters which produced only few mature gametes and remained on 604 average at intermediate stages of gametogenesis.
Upon A. minutum exposure, hemocyte ROS production significantly increased in the April 606 experiment and significantly decreased in the May experiment, similarly in diploid and 607 triploid oysters. In the April experiment, the increase in ROS production may reflect an 608 increase in metabolic activities responding to A. minutum exposure. On the contrary, in the 609
May experiment, we speculate that higher toxin accumulation exceeded the "tolerance" of 610 oysters, affecting directly and more profoundly physiological and metabolic activities leading 611 to reduced ROS production. At this point, we can only confidently conclude that changes in 612 concomitantly hemocyte counts increased. This suggests that hemocytes newly mobilized in 633 the circulatory system may not be fully functional and are less able to produce PO activity. 634
Triploid oyster hemocytes were significantly larger (higher FSC) than those of diploid 635 hemocytes, possibly because of their higher nuclear DNA content. Additionally, triploid 636 oyster hemocytes were also more complex (higher SSC) than diploid hemocytes. As cell 637 complexity is related to granule content, higher granule content in triploid hemocytes may 638 parallel the higher hemocyte activities (ROS production as well as PO activity). can affect shellfish at a greater extent. Lush et al. (1997) reported that juvenile greenback 665 flounder (Rhombosolea taparina) exposed to an A. minutum whole cell suspension showed 666 gill damage characterized by severe epithelial swelling that was not related to PSTs. In 667 addition to this ichthyotoxic effect of A. minutum, it has been reported that A. minutum 668 showed potent toxic effects upon brine shrimp (Artemia salina) (Lush et al., 1996) and a 669 harpacticoid copepod (Euterpina acutifrons) (Bagoien et al., 1996) , independently of 670 paralytic-toxin effects. Moreover, Ford et al. (2008) found no measurable effect of a PST-671 producing strain of Alexandrium tamarense on hemocytes of two bivalve species. Instead, 672 extract from a non-PST-producing strain had a strong and consistent negative effect on 673 hemocytes from two clam species, resulting in significantly-lower adherence and 674 phagocytosis compared to a PST-producing strain and filtered seawater controls. digestive gland wet weight (in g) 0.7 0.7 0.6 0.6 NS NS NS 0.5 0.5 0.4 0.5 *** * * ± 0.04 ± 0.06 ± 0.04 ± 0.04 ± 0.04 ± 0.03 ± 0.02 ± 0.02 P = ploidy ; D = diet; P/D; interaction ploidy and diet; Significant differences are indicated by * when p<0.05, ** when p<0.01, *** when p<0.001; NS non-significant Table(s) hal-00589357, version 1 -28 Apr 2011 ± 0.9 ± 0.9 ± 0.6 ± 0.6 ± 0.5 ± 0.6 ± 0.9 P = ploidy ; D = diet; P/D; interaction ploidy and diet; Significant differences are indicated by * when p<0.05, ** when p<0.01, *** when p<0.001; NS non-significant Table 3: 
